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REIMARKS 

Rccon3it]eratioii m<i withdrawal of the rejections of this application and considenition 
find cnlry oftliis paper firt? respectfully requested in view of the herein remarks, fscconipanying 
infornialion, the Amcminicnt AJler Final Office Action Under 37 C.F.R. § 1.1 1 6 filed September 
22, 2003 and the Request for Continued Examination (RCE) Transmittal filed November 24, 
2003, which place the application in condition for allowance, 

THE RKJKCI JON UNDKR 35 U.S.C, S 103 IS OVERCOMt: 

Claims 1-4, 6-8 and 10- J 5 wore rejected under 35 U.S.C. § 103. as allei^edly being 
uripatcnlablc over Ortel al, and Momma ct aL in view of Mueller et ah and Santini et aL The 
rejection is traversed. 

It is submillcd thai Ortel ct aL is not a prior art document. The Declaration Under 37 
C.F.R, § K 1 32 flicrcinaftcr "Declaration'') filed September 22, 2003 states that Ortel ef al is not 
the work of others an defined by 35 U,S*C* §102(a). The Declaration is surficicat to overcome 
the grounds of rejection of claijns 1-4^ 6-8 and 10-15 under 35 U.S,C, § 103(a) because the 
Dccbvalion clearly states Ihcit N, Chen, J. Biisselte, and G.P, Dotto did not make an independent 
inventive contribution to the invciUion clain^ed in this application. Should the rejection be 
mohiUnncd, the Examiner is requested to indicate how tlie Declaration faila to successfully 
overcame the groiindsS of rejection. 

Ortel et al \h also not prior art un<lcr 35 U,S.C. § J 02(b); the priority date of this 
^npplicatioa is June 3, 1999, and llic publication dale of Ortel et ai is June 10, 1998, Therefore, 
Ortel ei aL cannot be proj?erly cited as prior art against the present application. (AVe- In rc Katz, 
687 R2d 450, 215 USPQ 1 4 (CCPA 1982)). 

In the Advisory Action mailed December 3, 2003, the Examiner alleged lliat Applicants 
provided no factual evidence to support the statement that the publication dute of Ortel et ah is 
June ID, 199S. Also in the Advisory Action, the Examiner invites the Applicants to submit 
objective cviilencc that Ortol e.t aL was not mailed by the publisher and/or not received by 
subsciibcrs prior to the date of application. 

Applicants submit as Exhibit A objective evidence that Ortel et aL was not mailed by the 
publisher aiul/or not receivc<1 by subscribers prior to the date of application. Exhibit A includes 
a copy of a facsimile irom the British Library indicating that Ortel et aL was received by the 
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Urilish Library DociimeiU Supply Centre on June 2, 1998 and then calulogucd on Juni? 4, 1 998, 
A*i a result, Oriel et qL would not have been available for public use before June 4, 1998. Also 
included as pait of Exhibit A h » copy of the title page and Ortcl et al. The date stamp on the 
litlc page clearly stales thnt Oriel et oL was catalogued on June 4, 1998, which is less tl^^ui one 
ycnr nfter the priorily date ofthc present application, i.e., Jiino 3, 1999, Applicants rcepcclfully 
rcmii'td the Examiner tluit public accessibility is the touchstone of vvhethcr a reference constitutes 
a pr'mlcd publication {See In re Hall, 78 1 F,2d 897, 899 (Fed. Cin 1986). Accordingly, Ortel et 
ah cannot be properly cited as prior ail against tlic present application. 

Rcconsidcnition and withdraw of the rejection under 35 U,S.C. § 103 are respectfully 
requested. 
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C ONCLUSION 

In viow of the rcmrirks and Exhibit A attached herewith, the application is believed to be 
in contlition for alloAvancc, Favorable reconsideration of the application and prompt issuance of 
a Motice of Allowance are earnestly solicited. The undersigned looks forward lo hearing 
favorably from the Exmuincr at aa early date, and, tho Examiner is invited to tclephonically 
contact the undersigned to advajice prosecution. The Commission is authorized lo charge any 
fee occasioned by thiis paper, or credit any ovcq)aynient of such fees, lo Dcpo.^it Account No. 50- 
0320. 


Respectfully submitted, 

FROMMER LAWRKNCB Sc HAUG LLP 


By: ^Qyy^Jjf ^coA^ 
Th oiTias 4 , Kov/al &ki O 
Reg. No. 32,147 
Amy Leahy, Pli/D. 
Reg. No. 47,739 
(212) 588-0800 
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l:^ ax 


To 


Shirley Hond 


Company D.YOUNG a CO 
Fnx 02:580719800 


rrom Mich^iel Payne 
Pages 1 1 

Date 15 December 2003 


f!f.r. !.' 


a> Public Availability D^te Enquiry 

Our Rcf: PATHSC 03/334 

YoiirRof: SXH/JXFgOl03 16 

Till? is in response.* to your enqtiiiy relaUng to tUo foUowing item: 
firinsh Journal of Cancer 
Vol n, part 11, Juno 1998 
'Difforentffttion-ypecific fncrez^se in A LA -Induced../ by Ortel, B et al pp174M751 
IS$W 0007-0020 
(BLDSC sholfmark 2307.0) 

Accortling to our records, this fiem was receipted by the British Library Document Supply Centre on Z"*^ June 
199a> it was then passed to catalogtiing on 4'^ Juno 1996 and would not liave been avaiLnble for public use before 
that date. 

I am £^Uo sending you copies of the title page and the article as requested, your account will be debited. 
Rej*rtrds 


Michael Payne 


0^ 


Michael Pityne 

public Aviiilrtbilfty L)att/s> British Ltbrary Oacument Supply Centre 

(0)1937 546172 F 10)1937 5^6^53 Emichael.pqyne@bl.uk 
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ni^i^';!"*'t*!°""?5^''"''= in ALA-I„duc6d 

s 

8 Orl3l' s N Chon'. J Brlsse«e», GP Dotto'. e Maytin and T Hasan' 

to PPIX In prtmary mou.'^ kcrallnocyws. InJuoton of k^raB™^» 

Willi MA. niovnloc. PP« S ro,.£t\^, cZ^<.Z^TZ «^c"ni,..atIo„ l„L„s .rpatod 
«nd (c) cleaonsad PPIXoxi^rtinlo Ih, cuNr^iv,^ JX^^^^^^^ 

212 coll. Ma to und.roo diircnllMio,,. InLsBni Zd"^^^ PPIX foS^^ " "'""^ '^■-t««nccyios, b„i no. In PA^ 
illlforuniration. Ovoiail, ifta ihor.peiific impltoiHv,, of O^t^Z^J^Vl^'^'^ "'^"^ rcia adror,.-.l c.ll lino=,.ponloducBoncf ■ 


■ Hioiodynanrfc ihe^^ipy (Piyj;) « tf,,,,^^,^ .fr-Mcgy consisting of 

1 flimh. J 9^6). Both rfiow ,U-el.2ihIc toxicity by II,««sclves ^ J,e ' 
(loSM uscd fo/ tlwr;.pei.lio applieatio.is. bw breomo cytotoxic once 
comhim-d «t the of desired <,trMty by a varkiy of pl,o(orf„m. 

Om^nt dini«J experiments protocol, involve tys,^^t 
a?.mnJ.„«tio« of aPS. usually a tHnipyixolc co,„po„„d,foilowll 
T '^'"] liet« (Fi-'iher ct aj. 1993), and 

coi.sMcial,le cxj«r,cuct 1ms been ncy.ihed with (ho use of exoao 
noiia pwphynns and poipliyrin ATivniivL-s (Oilc;! ct nl ] 996) 
A nwrcrecwit ai.pionci, fsploii., u«i indi^^^no,,, „i,niiy of 'most 

5.au„aola^„.lu,.o «=,d (A J. A: BaUlc. 1993). Tho *ymh.sJs 0/ 
A A, .he. pi«4.«or of tl.. tcfirnpyrrolc rinc, is iho rat*-limiti„g 
, f<'5 f.^al,on an.| fire, hao.n ncfiaUvoIy r^g„latos t]>e 
ir^nsinption and imnsl.K.ii.ion of the e.«yme ALA syn.hii.e 
wliKh catalyses iniual n.clabolic sfq, (W„,i„g,oo; ipjO)' 
AJ<hhon of eM,a„,ou3 AIJi ci.cam.cn.ts thif, ncgalL ftcdback 
coa,«,I oiKl nJucrs an f„.,.<,jr„, ,„en..a«. i„ hnem 
•lUmly, whtcJ, n-^,ili^ i„ i>.tfi,ccm,l;,r accnmnlurioi. of pwphyrin., 

fSeCfiiflKjSI July 

ti'ivlnud to NmBtiitHjr 1097 
finvpred ia Nnvvmbor way 

CmtCisfiomJunco to: J Huuan 


pre*5mjcantly protoiK»pi>y.i„ DC a'l'lX) (Kennedy snd PotHcr 

^cd .0 ph,.to,cn*ili.c ells. noa. topical and sy«e.nic AI^ 
*!nilm^irai,3n hsve been used to i„<lucc PPK forPOTof Cmoun. 

1995;Hcjad(«onetnl, J995). j 

Uecont i«.,'e.Mlgat;n„s liav« 3;,«»-.d ai a botter iindfirita«rti„B of the 
ALA.i,«Inced metabolic im^rc,.^ (lint.ma « rd. )9!M; lf«a et «1. 

M A-mduccl I'PIX a«m«u|,-,(ion for op.imal ta.T«otinj; of malifi- 
n|u.l nco„Tasais by th,., plioUnlyDainic .qjimcn. Snccc-sslW snail 
BJC!4.avofl friTO pior Modios were Iho iis« of iton delator* and 

«™1 1 ""^ '"^"^ yi^-W. ti>'= "sc o^ 

compounds s ichas <IimcU,y].,«Ii hoxidc (OMSO) lo cnlwnce pi:„o- 
^.mo* of top^„I ALA (Malik . , ,995). llcapcutic i-fficS 
and good cosmdio r.^.,,hs have he™ i\-T>,ot^,,^^i ^fl, pi^f ^'J 
hunian skin c irctnomas usinn toxical AlA-indn^xd PPDC iil„s red 

IW^TCr" ^^"'^'■•^fi 1^-'- ''i et a,, 

f /rlTli'^ or«"I'"n<^!J ^K-iii carcinomas art onJy 

To explain iW. ,^,,„ir. , , 

pnM.,Uo... In s.,no Cfcll types. cfil,.lar JiOoix^nrtation may fcad to m 
^IZJ^^""*""^ >9.-AI-A.<l.»„t 1>OT ror example, 
. .yil.ropo.0^.,. niMygulaUon of ir-mc, iption of sy„tf,;sc • 
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enzyint^S is im Moicnl piin of ionniiujJ.di|f^^»tiatJoA Urn] leads to 
inctonscd haein .synthesis (S.'l<:cj,4976; l^jjifa tt al. 1991; 'M'eUlm 
el jil, Ah», it i:iC4*ri n;poiictl Iktt cniiccr cellfl wiih 

dirre('t*iil (li-greLS.^ of diOt'a-nllatiim cxhibiu;*! diffcicjit potteins of 
At A- indurcil mX syiillH->:is (lije»;wib(M^r et nl. l9Dfi). 7b mfclit»;s 
isMk\ wlf;I|^^^l ti^ e^plirc Uie ntlnllonKltip between hncm 
NyiMTiolic civpaciiy niKl a^ffcr^.•f^li^^lion Jti several cf!l| types capable 
or uiult^qToihg ciifrcTtnfiniiort in viuo, Pmiiaiy kt-ratlnntytt-s 
fonnefl tliu priinrtiy focufv of this Uinly bicotisc thiir ililT^nx^nriatitm 
propjaiuuia is well docuiiiciUcd. 

We iiiVttti^iife^l (he cflbci of diffrtrcnrinOon iipo^i Uit* fibiliiy of 
kcrritiiW)Cylos to fDna nod «ccnmTtJniori>JX in response lo cxoec- 
noiia AI-A exposure, nmi ujyin Qirir subsequent rcspouse to phofo- 
S(:n.sitj7-iUon. Earlier rcpoils showed a po&iiivo cotT«lj,ilon 
In:iwcen die probTer-'^itOQ rrttcs of several priJinaiy ccJU atwl cell 
linen in vitro atid rlic anioimts of ?PIX prodiKicd frofn cxofiCiWus 
AT^ a"iiiniA et til, 109^1; Rir!oMiOi).sc.Diabm tt al, 1995). /a 
CuTf)r.i,u to (hcsc e^rliiT fi/vdiLi^,s, tin: pic^t study sltows an 
imcre-ftse in AT*A-induCcd ]'PlK piodnclion in diffcrcnriatioL' cells, 
cU)ci(|;tUfs somo of die rm'chartism^ iuvolvuJ in ihc OiffcrciniJiiion^ 
depL^ndciu ijim-;i;:o u\ ALA-indot^d mx fo4TYiq(ion; llie nJu- 
vnJice cf thij^ incTcnse for iihoiodynamic sensiUziition is discuJiSi:d. 

MATERIALS AHD METHODS 

Mntcrlais 

ATA fioiu PirSA Pluirmac^tilicjils, Onlnrio, Cnnndi^ was prepared 
*ts a 0. 1 M stook Bohition iik 0.1 M HCl. Tins stock wr^s kt-pt at 4°C ^md 
finnl cortrcntraUoRs weito rvached by diri?cl dibifinn of die tUxJc 
mity die j«aUa. • S-Ea-^-tqAmlnnl^u-vulciiic acid bydropWoriilc 
(ri-lALA) t,5L3mCi nmwl-i) and [/Hi%/>lll(byiiiit1!rw {PHJTO 
(2n.0Oi imju>l-J) wettj obiaincd fionx ThiponLrNEN, Wilrrai^n. 
Dli, i;SA. l^MSO, l2.<>-TcimcIficanoylpborboM3".ietrlatc (TPA), 3* 
CU5'tliirut<bylibh/<.l-2-ylK,5 dii.bcnyl tiilra/olium brorddc (Mrf)» 
KXK^inyl ac;cU)nc, PPIX aiid f ainion f;|>cnn DNA wtrre all piirclia*t<J 
Cfoin .Sifijua. St toui>», MO. tISA. Hpid^^nnal growdi fact^jr <EGF) 
wfw imrchascd fioin CoU;iborativc Ito.c;tfartih. Bcdfonl, MA. USA 
CiiTditiycin (A2318?) w.iH pmcM^ji'd fi-om Molecular PiXiUs. 
^^WH%ORJJ5A.lWroiniIi«Tgig>viJ, RtctorbclalClXir-^^^ . 
olilftbied fxoDi RAD Syyiwa^, Winm-apolis, MN, USA, ajuj nprvc 
(irowrh foeior (NGl^) from rtot'iu]iit,.:r Mmmbcijn, IrtdJoAaiwIls IN, 
• U^iA. Stock tioUitiof IS of ll»A ftnd PJ^iX were madi; in DMSO, TGF- 
^^, io 4 inw I (CI contirJning 1%, bovine Sc-Jiun albiiniin, aii4 NGF and 
calcimycin ia phoapbnic-hjireiv'tl salJiie. Vor all solvcjnfci, vehicle 
etvnliTjls wcjfc indiidcd mid lUd not show,Wiy dgnilicAnl effects. 

ColJs £»nct CLiHure conditions 

IVimaiy mouse koratinocyles (PMK5:) wi;rc obtained fiom 2^ to 3- 
day-old Senear mice acconlinir 10 imblwliftil inoccdurirs (aennings 
ct ftl, 1980). Monolayers wru- grown in modified liriylc medium 
miM) wiUi .1 calciuirt coi^cerilration of 0.05 n)M coiiL'dnjng 4% 
iyN) a»felojftrf alcd fiital cnlf i^cmm aCS) ;ind 10 t»s ml > CGFiu 
an 8% Ct\ nlrnoipbrnr at 33^0 as dc.Seabwljnrviously (fleiMiings 
■ ci ;il, moy Jn order to induce diffcfcaiiu'itioii, Uiu raleuun cooctn- 
traijoa was raided to 2 i^m by adiUiif^ CiiCl,. CtMa were ptnt<^d in 
. _ ditvbcv at aijyroxijdiak ly 1 0^ celts cnr^ and for fc;(pcii. 

, 'ilic lumori^^t-nic cpidmnul tcrafitiocytc cell lino PAM 212, 
'..WJiiL-b WHS derived from BMWi? mice (Yus|>.i cl al, 19S0X was 
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Ci-own in Dulbecco's riiodified I ^tglc Jiitrdium (DMFM) conl^iininc 
10% K;S ui 3*rc JO 5% <*0^ buinidjfJcd aroiosphcre. For 
colciiim cofict ntratioii-dcpcndrtit c^tpciiincnr.s^ cells Were plate*! nt 
low density ir. ^5-u\i\\ dishes in DlVtl^>t wi(h X'CS and aftcf 2/| 
chanctKl (o lo^v-caicimn Verarinocytc raedluju (see above). Wben 
rcadiku; coiinu(',rc7 (l.fi x 10^ cells wu'^) aRrj- 4 days in low- 
cnlciuin mediiiui, desipuaiwl Jffiiv[^ks wcits expose 1 1 lo bigji- 
enleiiim loedU m di-scnbed itbtvvc for I'tVtKj. * • 

The jnoiiflc myobJ,i:;l cell Km: C:2CJ2 (Blaii et al, 1985) was 
mfli/ii:iincd id DMKM iiiippki^urittcd with 20% (v^) VCS ai 37°C 
in a 5% CO^ humidillej nuiiospbcrc. U]?on reacliin^; confluency 
(3.1 X 10* cells cin 3) ibe cells were aIlo\ved to rlifTercJDdaie in 
DMliM with 5 % (vAr) lK>r$e s.^um for up to 72 h in a niodification 
of CEiabIe;hcd proctvJures (Ynrfc i*iid Saxcl. 1977). Diflerentiatimi 
became evident by tht ^lorifonn i\ioii>I)olof,y of lon^;, spfndlc4iJce 
j^iyotubcs. 

Tlie PCI2 line, which h <N'rivcd from a rut phnQoebwino- 
cytotm, was gttjwn ia RPMf^fi^O concaiiiini^; IQtJj (v/v) PCS and 
5% (vA^) hofs>f ecrum at bi c\ 5% Q(\ huinidificd atows^ 

phere. Cells were used Ejuforc lejchin^f con(biejicy ai densities of 
appro:cini;\t<;ly 1,8 x 10' cm'K According to (Xfitiblisbc^ methods 
(Greene nnd TlficblcT. 15/76). dirferenlintion waa intlueed by addi- 
tion of NGF and w,1jS Visiblu out^rowih of nnddple dendrites 
within 5 days. 

Induction of IPPIX fonnallon by ALA exposure 

PMKs were prtsineiibatoil for die iiuliented piiriods m tiiibcr W- 
Of hi^h-calcium inednmv At i;.ivea tiiviea. Al-A w;is added from 
tlic sifjcksolutif)n to yield The riu,i) concenlralion (usxjally 0.1 jiiM). 
At 4 b, 1 iiU of the suiiernatrint Mas zr.^U-4U^d and used for PPDC 
<HlantifiCfj|ion la Iho supiimatnjit. The rciiiaining sui>erhivtant was 
removed" aiKf thecellii wojo (rypsir.rzefl Afirr removal ofaliquois 
for wdl nufiibei: detftnnJnaiion (CouHer Counrer Model Zf) and 
protein detenrt iiuitiou (Bio R.-\d Pixjlriii A^JSay/ Jli^ Itad 
Laboralorics^ XTcrrulcs, CA. VSAX die reiuaiuin^ cell snspenMon 
ms dissolved jn 3 ml of 1% lodJum dodL^cyl sulphate (SDS) in 
0,1 M Kaon. PAM 212, C;2C12 iu\d PCt2 cells wcje ircah^d wim 
0.1 w!M ALA with or wlrlioui ihc lesiJt-ciivc. chfibrentiaiion- 
uiducingprtitreacihtmts; * ' 


-3 0: 
-2.5 



T— — 

£0 24 ?.n 


- 1.5 

"1.0 m® 


S5* 

CD 3 


0.0 


32 


Timo fitter Hf^ Cq' ' Htti llucn (h) 


Fjoure 1 Tuno depondenco e^ caFdum ii ^Jtic^rl t;[iniLilmiO() of P| -(X 

and PI frr<J upl^fko f 3) In PMKa wonj <j«.u^Mfi*.U i^-i a fiifK;lior> oi ttmu MleV 
S-D »**M cDlcfunr, adfJn on. 0.1 mw AI A ind ('M/Id wsrc oHcTud ^ h bc/oro 
natvosflttcr If'o c^llr., V^ilues i,ru moans .1 sJ. of Iriplfcalo flolt/nnln.i lions 

B/!tishJcuff,fi/ofCr,ncer(i9V8J 77(11), 17*U-1751 
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1746 OOrtolclnl 


10'- 


10°- 



ALA (niM) In iha modfuni 
Sncllm;"' "'"""^^^ ^""^ Pr«ln..h,.b-cn In high (2^n'M>S2m ^' 



0.5 1 ir, 2 
RgiiTO 3 Cuiclum conwini ration rtuponfinncfl of sllinufoiod PP W 
i^Mim for CO h ArtJ suDsoqiiem mMjUon of 0.1 mw AU nr^j FHrrdtor4 h 


Sprclm/lnoiOructiy was p(.rfpri-.K.t1 usin^ c;fciu,tioi. :>t 400 cm and 

m» OTA), l ie-, results wefti f^i^viiiacd (pcnfc area) uiina PPIX 
'^i'T^'; ? conccnmirion.. The rt^-oTding of (he ^I.ole 

cf iio>, ™X poiphyrms. These c;in he. idcnUficd c.i,siJy m flucvros- 
c.m:o q.c.-t,^a obtriinecl i. H^Oi lASPS solutlo. wirh .a i,«;m,n«=m 

ly^l). supemntantnliqunis wcrc d:U.(odxvilh2 ml oX \% SDS 
wuro cjEdudeJ from qiianuTwaTioa, ' 


A 

100 


1^ 


I 

w 10 






10 


15 


so 


Si 


I 



10- 


^0 


15 


If 


Riicf i« (J on') 


teiSloi 6, i?!!h')^?f"^,"!° C^"" weft, nwinoibnios tor »o h h 


Time coursD ejcpcrlmerts 

In onJcr to Kli.dy the time de,^,u!.i/ice of the c'aJcmui-inAiecd 

fr. lalcd tliyniHhrc w.^ aAlod r«,cU fu,.,! conce«tr,aio«s of 
0,1 mij and ZftCi n.T-' rc'.pcclivWy. Aflor wnsliinc twke wlu, 
FBS. colls w«m hnn-^MtJ and ft.r q,.,-m(il5c.iio« pf ccJJ 
niimbw. p«,lr.,n onit-nt, PPIX fori..lion nnd a,y,mdii.e npwjce. 

Photospnsiiizntlon expcrlmDnts 

CtiU were inaibnte.1 in jt,w- or IiifJi-cnldmn ni^xliain for 20 h 
ALA was ih<-,i adctai w c fui.U cotirwrmtinn of O.I n.M and incu- 
ballon aUowid to conliim,-. Afirr 4 Ji the ,»K-dmm was rcidacrri 

O.O63-0.070 W cjrr^ An Ursoa ion pannpod dya J.nscr (Cohe.fnt 
Pnlo Alto, CA. USA) pmvided «0-„„Tj.-cft. m.h^S e'c 
nKd.ti,„ was rcp^«c cd alter irra.Ii,.rio., mid ih, cells Klumcd to 
th« meubntor. TVeity^four hour. lM.rcolI„ we.. i„cu)^.™ ± 


British J<Hjmpto/CiinCi>r(199J})r/(l1).17PI-1?st 
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•I 


Di(f0tcn:fn:iOftmdAtA-{nduaoiiHriX 1747 

T«iblu 1 P/olif qrphyiin IX prqducllcin colia gxpdhod Jur ^ h 10 0.1 fpM MA Compciitson ot Ji il/u 3airoI: uxLnoi^lrur.jir ond fi^ilut PPiX qtia/ilfllaa [n coris grown 
In (ovv-cfiIi:(ijm or aftof 24 ii in hiiih-cabfuni -rrwdUim (PMKSj. Pam 2 iZ). C2C J2 myobtasis ftotJ PGt^ cUIq worn Inrincoii k; fiiffurenduta ns cloc^rihr.d In Maton>l 
rifhl inctlrod!;. "fho io(ia^ chovv tho v:ilLit>5 of liirjh vj |<iw ciifcium UT.titod, or dlPorcntialetl vs unrtif/crLfiLiilad c^^te /tfificriiXoly 





PRIX (fmor X 1 5) pro cJs.iclion/tofl 



CelU 

(no. ol cvpofttYu^^tt)^^ 


fntrjcellqlor 

Riitio 
(u.d-) 

SupbrruUnni 


Tolnl 
(5.d.) 

ReiUo 
(s.d.) 

rrtm KG (9) 


1. 514 (0.1^1) 

7.42 (3.04) 

4.13 (3.2a) 
2.0a (t.17) 


IZ&rj (3.<Q) 
(1.'t2) 

2 05 (0.9U) 

PAMi;|fi(a) 

Low 

Z.3P.(0.S(j) 

1^0(0.37) 

6.93 (?J3) 
371 (5.83) 

0.7a (0.2iO 

9,e7(2.G0) 
11.65 (6. r.o) 

0.60 (0.25) 

C^12 (ii) 

Drffuruiiirnlf!?! 


0.G3 (3,63) 

4,64(1.02) 
1,62(0-32) 


6,54 (1.5D) 
1.ai.> (0.40) 




— o 


r^i^irc 5 Al A viplak^h, (fiouUolicjn erf tfrtditfoTrtnlkilyd (O) ftP<i tlilteronrtalotl 
(A.) PMKg in 0,1 niM ALA coiiUiTiiin^ a mcliotajnllal (rucUan, Al A 
dtihyiirat.u^o )a Nockod by ndflitloii uF RticrJnyl t^calono 15 mln bofoiu ALA 



1^" 

TiifKi of off lux (h) 


Fif^iJfC 6 tHltrtt bi int»aftollu]afiy syMllH:(4?ixi PPIX* PMKo worn 
puiliiicmwiccl {or 20 h tn hlgU- oi law-c.JoJutn mnvHittn. SijbKO<jviCnUv, HA 
woa rtikKhJ la a llnnl coriconlrnUf n 0, 1 mu (proliftiiirtllhO tiol)?, O) tw 0.0{! 
rriM (dilbroiMkiInd relK A.) ALA, Thu AlA-roiiluintna mwlltim wan rortioved 
ftnrir4 b o*ld replaced by frt.'iih modlniu wlthoiK Al-A. Thf* ccilfolar PplX 
oQiiloar d^t^rrrtinad at It^io ImNc^Tod lh)ii>^ iiflerAl Arurnovftr. VHlue&aro 
ntonn5 ;k s;d. of two dcrfurminaiffjifl 


0,5 rig ml » Mrr fcvt I h to aiihuy ks fc4«ctioii liy mitocliomlrial 
c|t^li;V''»t>!itJn'isefi. Mitochoti'liial dehytlip£;etia.'>c activity provides a 
St Asiiwf wny of a.i.s<-sfl]nj; cellular aHiunfic a/itl hns been shown Ui 
conoUiic well v^iih ottior cfiliUilislicd rncEisojtJs vf cyiotiixidiy soch 


as colony forrnaLiojT (liTinma <.L 1&?4), Tlic bfter could i)OL be 
u.'icd Jn this ,<iKM]y a.i PMKs (Jo mt fonn colonics. SupouiaUinU 
were cHrvfuIiy rcrooveJ and tiiL^ Ml^chcd ctlls ai>jtate<l with \ ml 
of DMSO foi' ;*10 tmn on a roliHionaJ •Jhnker. ITic reaction product 
foimazart Was quautfrictl plioifirnt(fic:i]ly ni 576 imi. 

ALA uplftke 

Cell:; wert ^r^wii a.^; ditEpribe^l rtbovc undcT *i^hDl(>&cii3iit?4ilion 
cxpiJrijnunts*, Wc uscil sncciny] ri;;ctoiic a? a por^siU inhibitor of 
hacm ftynihesis (Kbcrt ct al> iSK;y). The cells wore inct^bntcd ju 
0,1 mM siiccinyl nccloae for l5nun bcfom 0.1 mM ATA ami 
0.5 nCi or ("CJALA per tUfih wcro AC]<lt;\ lor 5 tnm, 2 h an^l >t h. 
FoltowiTig iocubatioTi, ix'lls v!i.iv. rinncd Ix witli c<iTcl medium 
conratinnfi iml3l)f.llcd AlA, Ix uith cold rps coatiiuu'ijg uiila- 
btllccl Ar.A afl<l Iryp3inj?c;tl. Samjilcs wau talttin for <iunnfj/ica- 
tioii of t'C (BcdrmiTi Modd I-.S'JSOJ strntillation qounlcr), cell 
numbor, prowin coiiitnt and PV\K content ("iCC :ibovL:). 

Haem enzymo rnKNA level:! 

Total KNA ^VH3 obuioc^l from lOO^miu iHnhcs. lUat wcca ivt 
the same dcnstly and otlu* comliljons as ihc fuftctloiuil txpiTi- 
tTHniTS- Al^quots of 30 ^ly wtTC frJciinnrited oh a 1.2% clctinturing 
ngArusc- foriTifllddiyiTc get: - A Her tim^fcr . to o HyboncI N 
men limine (Anirrshacn) using 20 X SfiVll, ihc Jilit-r Was cTiietl !md 
(he UNA cross-liotocd to the filt^:f by exposure to 1.2 It J ru^ UVC 
(Strataliolcttr^ Sli'afftgnicX Prthybnfliwilion was carfjVd piil in 5,p< 
SSPE» 5 X DcnJi arcll's eoIuLwd. 0..5% SDS And Ad Jig luH purifica 
salrnon spenn l> NA (Sigo^a) al CU^C I'or 12 -20 li. JSlunnft o-DNAs 
were obt'iiiioU fx»n Pr H Kobno (copfoporpliynnogcu oxidase; 
Kohuo ct al. 19S'3> aiul Dr n^ibyp <A1 A detiyUfjUase; Bishop 
el Eli, J 989). Memhrano5: were iuvubafctl witli pl'jaCIl* i-aiulojn- 
l>rinic(l labelled probes (lypicoliy > 10* conciU ml-*) Tor nt leait 
24h at ^T;. 1\vo lO-nilu watihra each of 2 x SSl'ti wilh 0.1% 
SDS (25*C). 1 X SSrn wilh 0.1% SDS (60"C) and 0.5 X SSPE and 
0.1% SDS (60"C) prccftil^l autoi AtViogiaijliy fit -Rn^C. 

RESULTS 

Keratlnocytcs undergoing Cn^^-lnducori differentiation 
show Increased accumulaiion of PPIX 

Primary moo.w kcraritiocyicii (PMK&) proliferate in rJic preacnct; of 
iwdiiim coniaimng 0.05 mM c:iTciliju {*1ow calcinrn*)- Tm this 
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174a BOrteiotni 


•li. 



eAPDH 


1 2 :i A 



1 2. 



C-opfO'Ox 


2US 



copiopon>liyj1nofiiin c*ltlas.i. a, F'MKg m low cnlcium (rjno 1) and i h (Iflro 
fl 4 h (laofl 3) arKi 24 h Oitaa ^) nOoi- umioft of My [, ialclun!. ALA-D iiHNA 
la unn whun duf^fitccim^>rrrrall/ conif .arod wuh GAPDH uiRNA fg 
housokocpinfj gona tnmacrir.! ueocJ fi>rJp:Kllng conlrol), n RAM 2|2 celh In 

G.>(V<4ilq£t-, pf^»«(0Va\iiX, (lano1)«na)ii conftiiuni mtmobyo/fiftno 2^ ' 
(Lino 1) fnti 5 days aflor n( clitl<„t S hq wt ^ i}£mti ?) pr i-S r»n it>H NCF 


syMcjn, tLmiiiioI tfirfucnliah'ort nnd £ix>wUi mtm c;iii be induced 
by Mfcreasliis Uits colLiMm conccfifxawn in Ihc mwliiiin to 3,0 jxim, 
fls dL-:iTM i-txfcvwit<ily (ironnincs ct al, 1980; HcrtmVvS mC 
■ ir^Ibi'OoK )9d3), 1^ dclcnhlni; Uia c-jrecls of giowili omLst and 
JeutiMrtl diJTBreriiiatiyn ufHm AI A^i«iliicot1 PPIX ftCCtl^ulI^(ion. we 
iticiibJttod FMKs Ah' v,)riou;i le-iigtlw onioie in tfw: dilTcrejHijidoA- 

pul'it of ATA. Iilcntiiirilly Uv-ntcj) ccJls wci^ pulwrd with UiWiM 
thyjufflliifr-^ft.^ jjhowii in Kj^iire I. lftt,-;K»I|ul)ur PPJX uccanniUtjon 
mcfe;^,'^cd ^vilh fJtne an<T imluciuit cIirft'rciil).n«o»> and i^rowth arivst 

'Cflliiium-sUiuiiIutcd PPJX (tccuHiiiJarion wus dcinoyjtotiid over 
a wiiJ^ ALA roactijli^tion r-ir^fte. At n low ALA cortCtJntraHoo 
(0,03 iiiM) the PPIX conciMination WiV5 cIdsc 10 ihc di'tecljon lijnit 
m pjolif^^raiing FMKs, but sho^^'ctl nlmo.st tenfold Wither VciUicr in 
di/rcronliHicd cc»s. whe^ts-^s fhib intier cxtrcnie (OJ ttVM ATA) 
thciaiio r^fintrocclliJhr PPIXtomeiit t»etwccn difTe^rmhHing nnd 
uriiljffLM i^ntiuwd colls bwanio snirtUer Ihiiri At lowt^ contcutTadons 
OM^jnve ?.). Tha-cforc, m inlciniudinie Al<A co«ccti*mtion of 
OJ mM wa#i choJvOi »r rhc juitjodly of rof oorimftnts. 

Pfcvious work hns esiabli«lied ih.it mail^tirs of ktfratinocytii 
diffL'^aitirilion arc induced in a calcium ccn<-,^tUralion-Oi^r^-ndejit 
way (YuKi^n r,!^ Jfj«y; l-^nnhii^^ «t af. 1980). ITiert^ror,^ wc 
pcifornicd Uic cxpaiiiK-nt <iho^^n m rifioib 3, in wM.h culb ^vc^c 
exposed for 21 h U> a siidcs of morasinn coldmn coiiccnimtions 
uud uvlucul to difftti-eniiate. For »h£? (rnal ^ h of mcDbntl^n 0. 1 ikm 

f^niisf)JouwMofConc&r(i99B) 77(1}), 1744-1751 
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ALA was uddcd to die n.^'£fiuin lo sHmvI.'itc PPIX syndieids, 
Jnductron of diflVixiitJiiiioii by c.'dciu£i> coDccnimiions bc(wa*.^n 
0.25 axid 2.0nii« lourwd in «:mjbf dii.^it^tts of ^timularcd PPIX 
ncciuniilatio]! (Figuje 3). Simii]t:mcovsly, luduced HljTd uptakei 
WAS jtcoidL^d. showir^t i;rowtfi ^liYusf. 

Increased PPIX accumulatii^n leads to great^jr 
photosensilizatfon of cflffcreniialefi vB prcliforatlng 
kemti'nocyles 

Figuru *1A liljowa flui rtcodriicadcnt cylotgxiciiy cf Al^^trt^nittd 
proUfLTiUifti^ PMKv, nftiT (>5t>-m.i la.cr Irmdiatiou. The incrcas^i in 
AIA.-induc(3d inti^cdJul'ir l'k>IX in difTtrcjidrtk^d PMKs rKuJtcd 
5i) bifihw pho:oxiciiy (lM|>iiire /! A). The flm-nce ixtqurn^J for kiJiijig 
5C)rp of Oi« dirfencirttarcd PMJCfi xvas almoii foiJi' times lower (2.55 
vs 9.80 J era 2) (J]HD (liat f*»r rrolifcj-atmg colls. Tn Una specific 
txpwiincDt, PPIX iSf/Rxndraiifmj wi>fc 1 1 -fold higher m diffcmmi- 
aUng Umn in pTTjlifetau'aig ccl)*: (l^^-urc 4 A). 

nic c<HTcl.iWon hctwei^n cl.;vatt'fl Pi'lX concetUTOticTis am) 
clevqfyd photosoDJiiLi^'iidon v/n3 stJcnedw/iud by imothcr <jxpen- 
incnt. in wliioh the kci'i:rinDcvic evil line PAM21X, whicb is dofcc- 
uvo in its iibiJity to diffcrciiimie in r.\^pOme to iiirrcas<>d catciiim 
concentriition in Uiti mcdimii, allowed UitJe iilica'atlon in Al A^ 
induced PPIX nccumulation (Tj^ble 1), rhotuixnsiliziirioii was 
Idcewisc (dxncM mialu^rcd ia V.MJ 212 ccILs in response, to 
higliHcaTciuin trealmcut (Ki^. ^B). 'Jliis inability of different 
calaum concenfrarions lo affeci ALA^iuthjced PPJX fo^^iptiofi in 
PAM ccllA also indicuics tli-'it U** cffL^r* ij» vUKu is diflbi^nliation 
dcpefldonf. 

Several inciciianigma coninbute to fn^iroasod Ppix 
accumulation In differonUutlng kemtinocyies 

ITirce poiciitial fr^ctors coiiti bailing to the im^rcase in PPIX 
coiiccntTMtion i:i dilfcrcdtiurirti^ cvlJs were considm^d find tested 
cxfK^rimeuifilly: (a) m hiCriaMxl ALA i^pui^c, (b) a dtxxeascd 
Pl'JXcfflux intci die coIiL[ft jiicJJufn and (c) an Incrtiiitfcd fiyuUieiic 
CiipacjIyofPPEC i 

[ CJALA wrw fjoMii^ficd by m.^iAi:ring miraccDidar >''C levels up 
\o 4h afti^r addii]^ AlA (o dtc mcdiuriK T*> reduce potcfttial 
tonfoimdinf. cffiJds of 0) diffcn-ntlfJ loss PPIX i«^o die media 
fi-Om pivlrfeiiiUng vs diiTcreoruilcnf PMKs (see bclowX ftml (2) 
release of newly syndiCiM'/cd [J'CJFVIX iiiio Uiti iiietJium PPIX 
synllicfli^ was bloek^-d hy aJain^ die poDiut ATA drhydnitasft 
inliibUor succxnyl accloiio bcfiuo ATA expo^nro. Fi^Cf 5 shows 
lhat m difftiTt^ntiri ted PMK s (he AT A upUtkc was >I0% higlu^r dm in 
pfolifenidng cell?, Thit.';, dL-vnfcd A r A tiptalcc pi-obaI)Iy co,>tribul03 
to increaiicd PFTJi. accumidrdon lu diffen.'iiiiarc.d PMKs, 

T1)0 diitji ill TibJe 1 address rdb of PPIX mux hifo ihe 
medium. Widi cxposiw, cf pjrolif^rnCne I'MKs lo 0.1 mM ALA for 
4 only 29% of du. totil PPJX wiis found in the coil^. In contract 
diffcrciitiiidnfi PMK?t retained (n% of toinl PPlX inside thh ct-Us 
(Tkbla 1). l-TiMt mich of ihe relative dHTareijcc between aimcMi- 
atirtfi Qiid pioJifciaiing XtTaUnocytcs in cellular niX cont£>«t 
could be diic^ (o diflen^nr efflux ralus wa? sug^csUid by experi- 
ments sptx-ifjcally do.<fienrd l« inc:i:;ijie efflux (Hijiirtf C) lime- 
dcp±.idcni Jo.-:.<? of ATA-indi>ctd PPIX froJ.i diTfoj-Cinf^nted and 
undiflenmD?ilt:d cells was CDrnpa^cd In cdln ihat bf-ftan at [ho fiame 
mt«icctlul(ir PPIX concci^tr/idpfts: iixidi/Trjeittiattd PMK l<>yt oSrcr 
5>0% of (ho iiilracellnlar ITJX Tnlo the tnc<\n,m widiixi 4h, 
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v/iicicur.. (luring Uio .naiHC period, di rftnrt^ntinfe^l cells lost only 63% 
(FiEJur^; ti)* 

Tiic HiffL'jt;T>ti;iiion-rclj)U^J dccrc;)!:^^. in rj>JX efllu-t accounts to 
sojiio extent for hif.ht-r iTirrnccllnl.ir PMX cotiCf.nlnitions of fli ffex- 
(jnliiiicd cells. TTowever. if iiiliMCtllulfif ami exinir^'lhrl.u ainoitntjj 
wi'Ttt combiniid, j| was evMc.ni iJiat ihs foinU^nx riiwluciion Wrts 

Arvniysis of h^om en::yiiio tmiiscription 

Pixiin the atKtvti mea^iircrm-jirs, ihft incix;asu in (hr, total AIA- 
frulnct;,! m'lX Icvfts piodiiLod in difTcrA^iiiaDng PMKs was kiIcih 
tiiiL»d 10 be nbobt Ihret iliuiy.$ ihm syndttv:izcd by i[rtdi(Tcnintiatti<l 
I'iVJ Ks, Tn order to UnderslnhcJ tliiu aJiiii td synthetic tiapficity, we 
aniilyjrw! Mca<Iy^st;i|r mlO^A luv.M;: of two hncni synthetic 
c(v/.ymc5:. We rhos<i ATA dohy^lriUysc, whluh h ihc i,'iizymc thai 
byiillifsizes pi>nihoMlii|og(:n from AI.A. Hie ollicr one wa^ copro- 
pofjihyxuiofiL^n oxidase, which iorms proioi>i>r]>hynno£tsn, the 
Muiiudi;ite p]ec,jn«>r lo ppiX. Coproporphynnojt^on oxidrtSC 
jnRNA kvt^Li Jocn-fiseJ iiljoni fonifold withta ?Ah of hi^jh- 
cukimx evposiuc. AM dc-hydndant; oiUNA was unaltered over 
<liei wliole time cour,^ (Pi^wa l/i), 

Increiisod PPIX accumufation is spcciflcnlly aiisocJated 
wUh calcfum-tlepondont rfiffcrcnliatlan 

In order 10 Uiidershuid the nnrdmnisms rcswlling iu \h& ccUular 
PWX incr<;n,<^c, we analysed tlw cffocl of sUmnlntors of cmain 
ar.pcsd.s of tlK cliff(-(enii»tioii response to int.\ronrtCd c,'>Idiim 
cpiicenrrnlioii, wiih respect lo nuiJulafrOn of PPIX fircurautatfon. 
iOy-p^ has been showa to indticc gmwlh ancfit. but docs jjot 
inhiate lUc tliffei-tntifilion pro(;raTm(nc iti PMK-s (HJvarolT ct al, 
1992). As piVAlicled, TGF-p, did not fc;luLmI:tte PPIX accumulafion 
(Pijf.^irc 8). TPA i\ho Icailji to ^^rowtli jirrcst but ajpcns some of ihc 
molecular sif^naniii«; rcjpoiiit>s ilini arii Muitcd by Sfi va;il calcium- 
(litpondCiU pudiways (Oluirosz aiul Yiispn, 1993; CMautfi ct nl, 
10^)6), 'ITA did n<jUL*mijlal^; pPlX nccumul-ition (Fignrc iridi- 
c:iliiijr th;i( the mechcinisi^i of PPJX arcunu7T;ition occurs by ajii>et;ts 
of pellular tlifFcreniiniiOn not ^jb;ir«l by tbc IIVl piUbwjiy. Titt 
calruKU ioDophoTu cjlcimyuin (A^3187) h^.s bcun dcjnonjttmtcd to 
Utcrwijjc inUiicellirLir aleUtni level in PMK^ wilhoiit atl'i^clin^ 
dilfL^ieuUfiMon (Filvaroff et ol, imx Gilcimycjn (jlso failed to 
sliimibtti Af Ahid^tced Vnx fofmaiion, SUij^cAUiifi lhat on 
JiKfk'ft.'te J iiilriUXJIuljir Ciildun^ efifH!*rnliatiort alone does not stlmu- 
liite PPIX syiitJic'ji^ jmd accimiubrioii (Figure B). T^fccn UjGothcr, 
Hitvw results su^i/icjiird that Ihc incm^istln cellqliirPPlX content in 
PMKs WAS spt'cific for high cn^:ni(n-lmlii(x;i;l diffwcurinrion. 

PAM 212 <;ells do not dlffercntU^to In vitro and thus faU 
to $how Increased ALA-mediated photosensitivity 

In ordcjc to unda-staiHl Ihc iniponlanc^ of dirfojcjitiAt;*ni for stimu- 
lured P1»1X levels we muiiysed tnmsfofmcd Cjndeimal mouse 
3.cTnlirn)Cyt(;s wfdi rcspoct to (VirdilTerenri^iLinf; ai»f| PPJX-fomiing 
capability. PAM 2 is a £j a1 Wc ki^.tli/iocylc cell lliie ihnt is tnuiori- 
Ecruc. 'ilic cells ^>w in both low-calcimn and hii^h-calciuiu 
^r>o<tiuin; Ihc chanijc fiom low- to hii»h calcimti TntHlinmV^sultcd in 
. n subtle eliftnfje I'h moipholvi^y,, but not growih miru. Lcvek of 
CopA)p(>rrIiyrwaECA oxidase ami ATA dehy<Iritare ttiRNA v:\luiij4 
wiiio ni>( inflMCiice^l by high-ciilctum lutatjncnt (Fi£.j,rc 713), PPjix 
prod(»dJon Am] hccmtiulntion w;ii little irtfionicc/l by In^Jvcalcium 
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SS^^ cS^i^ ncaimt.rnl)on (n PMIVs cxpor^od |o difforonl sIlrYiulalora w 
IniiiLilors. PMKs wwo tronlod Jor 54 h v/itii 2.0 nw cnMuin. S.fj nn mh' TGP- 
P,j lop ugmd rPA. 01-2 tiH/v?3ia7.F ni ino final 4 h. 0.1 nw ALA was , 


T/x;\itincntCr!ibIc I). Under :i!J inr^botion con<liijon.s.PAM:2l2ceTlii 
Itxst the DirijAnty of tlie pt-ij)hyi rii inl.o tlie'iiicdin/simiJur to prolife^- 
atlii£j PMJCs (Julie 1). Accordui^^ly»PhotOKeii.'iifu;itiou wfts reduced 
cooij^anxJ wiUi diffcR^iniiiTul PMl^.4 and could not be incie;i,«:d by 
In'Eh-calchim pi^^inia^bsilion ff'iijiirc 4n). 

Differentiqiion kiads to Increased PPlX formation and 
coproporphyrinofjen oxidase mRNA levels in 
neuroondocnno and mybbla^it cell Uty^s 

^n onlnr to cvalvatc wjurlljcr ib: fif^sodation Mwcen dj/fiWtJn- 
tion and 911 inert aised haeoi symJiefic Capacity is shared l^y other 
Csclls, two additionnl in vitfy nifMlels of cclluljir differ^i/iTirtrion ' 
wero analysed with nxspcct to AT A-induu^J PPDf fgmialion. Wc 
also quantified filMdy-sti.le luRNA kvols for coprpporphyrinogdn 
oxidosv iiiid AT A ddiydK* UtKC in tli-^o rclLi. 

The murma rayobl;tit cell lii^e C2Cn h a wiotW of 
mesenchymal dirTm-niiaaon (Imt resiilts in Oie forniaiion of 
niyotnbcs and ha:i betn characU;riztjl at tfift molcculnrlcycl (BJ;m 
ct al. 1985). Rjisnl Uwh oT PPJX pjxKiqL-iion were lower \n 
myohlji»>(s tiian in tlie cpidcniiis-dcrived c.dls QViWc J), 
I>iffcrejUijacdnijoblan|sMi*-»wcd liic typical inyotube fortn^tionin 
a filoriformpiUtcro nod cxhiUilcd a 3.7-fold Jncic;^.^ in fotil PPJX 
production Ond S.tJ-foId higher huniceJluJur conceulraiions (TViblo 
1). Tlio incitiLscd total PPIX £.;^(r(jcliort w»3 accoFttpjinied by 
an up-rcgulation of copropoipliyvtiiO£cn oxUhso, but nqt ALA 
ddiydratiLsc inRNA (Figure 7C). 

Tlic cell lim VCn, wWch was do ivetl from a tranfipLmctble mi 
phaeochroniocytoma, dimjrcmiaTe;^ in rcspmu-c to t(^mncnt lyith 
NGF (Gjecnc ajicl Tischlcr. 1976). '11^^ pro£;rcft.sivc forin;iiioo of 
muUipIe dendrite; was the luonliojogicijl uiQu of diffcrenLtAiion 
CPiflcbter and Gre^jrie, 197^). Itit- Pi^JX levels fn iindiffcrcntjaltd 
PC12 cells lrL>atcd wiili O.l um ALA wcrt; below daeci^on limit. 
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!)iit diffcrcntiafi^d VC12 ccUa acciintublrd 0.55 fmol per ccJI. Wc 
wcw tilso nblis lo dLviiongtiiiip thrir^ nhce 5 clnys of NCJF indubtion 
sm^l aftx^r reaching tlmulriiic moipholoi^y, cointipoipliyrinogcn 
OidJi^e but not AJA <K;liydmUi5C mRNA levels wcics increased 

DISCUSSION 

Wc Imvo dtMnoiisuril(!<J lUat the abiliry tif dllTfrvnmiinR TMKs to 
act,-imi\Jl;Uo TPTX wlu'n cxj^oscd to cxof^[:noiis AT.. A is iiicrcar;ed 
cOT;ipni'til Willi (kit of inidiJTcrciitJnnid, iirtiltfci-aiinjj cells. Wtf aUo 
slmvvrd tJuit dus iiiciCirsu in ilio ct'^lliilar TPIX couTSjit leads to 
impiovwl photodyi^amit scnmii/alioi), Leduil pboiotoxioity was 
incie:i!it.'fi by a Ic5$cr magniuirlii Ihrin I'PfX conccnimMtjis. 'fliis 
niriy ijitlkiiiic tdtcrrd subtifllular dbirtbuiion and/or enhnnce<I 
rc.fl(«(*mce to POT in Oifft-"itTiiiat<«| ct'Ilfj. We idcaitificd ^evcial 
fcii:ii>ia ihar conU'ihirlcd ti>ihR ijiwcnsc in l*rrx present ru dinVrcn- 
tiiilcd Cells: (a) an incrcJiAwl Hpifttc of AT A, (b) n dcc^cn^^Td efilux 
of into tlic qhUiuc imUn u\\<l <c) m iiKninse in mTlNA for 
at Tr.iiji pnc Iviem Ayiiihcdc cnzyitu?. coproix:»rphydnogett 
oxidiijit', n iifldiiii; consiMtciU m\h ilic inooiyrd PP3X 2>rodoctio«, 
'Jlicsc iv$idis aix; in contrast to prior itporls in whidi iiicrensed 
AT.A.indufQil t*rjX forroittioxi wws nMribuiw) to rates- of 
pctvlifcmiion (tiwuna tt ftl. 1994; RKtcubmiEC-Diabut 1955). 
'llus L*twrcI«Uo(^ was n:poUcil for jimiiennatly trnnsroruied ccU« 
and fi^r lyiiipliocjytt-a ancr niiu»fir./i sihmiJnUon. It has :d.s*o hvxn 
(lLNnon!v(r;ifi\l Uinf inc/en.icd cAprcssion of irnnsfur/m rccejitor 
(CD71) w)is associnlcd with inert; wi^d rpIX actimiuLiiion in boHi 
iniioijini'sriinulatc;*! lyiaiphocytcs fwisQ »or»wnl voUimtHirs tuid in 
cdh obliiiiicd from apadciU with T c^U lynll^holrK^ (Riirenhousc- 
DiaUim tt nl, J 995). IIowevt:r, jiot All of Uicse studies acco'iinlcd 
for ITIX Joss ima the niftflw, wliich imy cause Iqrijc diffciejiccs iit 
cdUiIni- IcVL^is, iis o^>r rcsnlLs have di^fnooslrEilcd, 

Wc aunlysctl Ihc ftspoeiation U'iweira Iho cidcintu-inducwl 
diff<MvniiHt«nn and die i ruMViUKrd cftlJubr PMV contcnl by sludy Ing 
dit> effects of cxoficnoLis cjoDipotuKla Ihrit miroie pcxLiin of 
hii'Ji.citlpium-irutod WVfrC dilforcntintioji. The coiiipo.sit(oji of 
U-jcs cultnfC i«edia, ^sflch a« tlie TCS conceniwtioo, can ccitaiuJy 
laodify iho imriifoJfuljiT PFIX conocptnUo(\ by iucTti:iing the 
e1^i>0l^ r.itc (.9tcmT>;ich U al, 1995). It i.j ftf^sMc that the calcium 
coiKcmrtrioH in Hat nwdiiiru uuiy SnfliicitL'tf die ccUu' ability to 
^etoi'n PVJK. Such m hamcdUU: effoct of iiicrenswl calcimii 
concL*nr/aiion On tlie AlA-dcpeiKlait porphyrin j>rcu»iii)Iaiion 
could he occluded because of (Iig ^adoiilly iiiCvciisinj* mft^niiudc 
of Ihc Pf IX piodiH'lion and acauim[:ilion (Fi^^urc I), Also, when 
difffff-iilinfod ct'llfi ww6 innibiirL^d wlih ATA in Jow-caluiuBi 
tncdiiuft, inniciised PP/X ACtfamtiftitiont prevailed, which wns char- 
nctc-iistio of dj/ftrt;nttat<;d J?MKfi (djita not shovvii). 

■"fhe L'ffccis of imdutcri of gioulh nrrcst and of n calcium 
inooplioic suppomid tJis corict-pt tiiut a fiill C4ilciunt\-indiicc£l 
diffi'rctnliaiioa programmo k required for rliiDnkted PPJX accu- 
niiikluin, 1"J*y\ tiJ^fjors raolecul^if sicnnis ihat arc also induced by 
the C'tU'iuin Kftpoure; thefic signal,'? M to p«jti/d diff<;jvnti,*tfion 
and prviwih an till (01ut;n^x aiid Yuspa, i093; Cftlairtti ct al. 
nnd did ijot siiiniilrito Ijut i-ntUur suppc^.-iscd PPIX foi'm;itiort 
(Pijjuri: S). TOF-p^ judifcps (jfowili mci.l only, ^nd not diffoic/ifift^ 
t'ion iii PMfCs, Caltiimycfn» a calcmm iotk^phore, jncrt;as&6 inUa- 
tcUuI.tr f/r.c caluinni concenl ration in PMECs without elL-valiuu of 
ilivi CAhiKViMiilni: cidch^rt U^e) (Pilyjiroi f ftt nl, IO94). tixiKviure to 
fjJli^r of (hcse J wo compotinds did tfot lead to incrented IVIX 
at, cirmwlaiioft (l^ignrei 8). Theso (hUi cjnphaiii?*: ihe complexity of 


<haBgui inilDccd by calciiun fijiJ confii'm thai S4!v*?riil fag^rors 
eontiibxitc to ihc increased VPIX :\ccumiilarifjn In PMKa. llitsc 
firnVtn^fi were supported by the sti^kiJiiUy siiitil.iriocrcasdt in AtA- 
indoccd PPIX formation ill ivv^ (Mhci JriMdcts of in vift-o edlular 
difrcrcntialioD. 

In all thrco models of difriixnj(intto;i in vUro tiw incte;ificd PPK 
pjodwctioij was ncciompanu-d by m up-wguhMon of sicndy-sialc 
mRNA of eopropoiphyiiJiOy<.T> oxiti'i^ft. Jii fi^Tatic and ciyUut>- 
blastic cells. f«it>chol:)tnsc and pi>r]>»hobilint>£i*n dctniinftfic aio 
-CowiidtTcd r;it<i limiting (Bctlondcy Rtid MwlU'T-Ekdimd. 198ft). 
Ilowftvii; eiizyaie liicrarchy is not est ;»blj shed for cc-lls wilh low 
inks of oonstiTuiivc hacjii syiiijtcsia such as cpiden-rwl 
Vftnifinocyies £0 tlmt Ihii ohscrv.-itjons in Uiis Rlmly inny not be 
directly traiisbTUbk hi term of wha( U biowii in ceUr wiili an 
ttciivc hacrn symhcsis muchiiKiiy. 

We have dniion.ftratiicl m azsocirjitm bctwttcn uon- crytliro- 
bl^stic diffejfnriation aiicT^inctcnscti hacni syiithcUc Ciipacity in 
lfW,ldnocy|cs, inyot-ihijsts And Ji0nron:rf cell.'*, 'nicre is only ona 
prior report on ihc infltjcnce. of dirft reiiiTdlion induction on ALA- 
induced poiphyiin tommiion in non-hiK-Tnawpoiclie celU 
(Schoenfcld tt al, 1994), In ini'dogy to erylFiioblastic differentia- 
lion in vitiTO, DMSC» wa* used to ?.Suiiul:iic PPTX luvcls iit Bid 
iiiurine rcit^Ianomti cij\s. However, ilic cfljx;! of DM.SO not 
shown to be dira^renijution apcciHc in 1116 cells (Schoenfcld el al, 
1994), In PMKft, idcjotical OMSO ijciiUnci^kt had i^^y stimiilafoj-y 
effect on PPXX fornii' don (<Jn f a not stiown). 

The iivjrcasc in AXA-induccJ PPJX iiccuimd:((inn m diiJerisnti- 
fitinf: ccHs may indicate rui iLvciM nu:nt of die hnL-m syndKUic 
palliway in the rcguTntiDii of tiOah.it-uurop(*actic cTiff^^routiilioa It 
has been :iii{[fiit$li;d <hat copiopojphyi oxidiisti mny hnve a 

rcguhjroiy fuDCiitin in diffti-efjtj;idoii-.':pLrific Incrcnf.c in haem en7,y- 
matic fictiYilics durin^f erydiiohlastic tliir^ifrtaitiftiioii (Canto ot a), 
1991). .Alteiiiif lively, thU Ccfiih] be a^t.fed to llxr as-^fociitlion of 
porphyrins* cspccLiHy PPJX with ilie ^io.ca]lrd jHTijiriecal benisotli- 
azcpinc rt?ccptOTii on injlocboodrirty v^hkh arv np-rcfjulutcd during 
ayO;rt)blasdcdifl'r;reniialioii(\Vhjjgaal, l9S4;'IHliet;trafctaU 1994^ 
In AWnLm:iry^ otir icsuhs Sitgp,«t that die incii.tasi> in AI-A- 
induced intracellular PP^X aa^umnlatioii is ctdciom specific and 
diffcrcniiotion d<;j>cn(3t;nL The close nsn-^ci^iion with difirerenti.v 
lion is also cmpl\;vsh.etl by the M ioi> simVibfily of increased 
ctillularPP/X levL'ls and incma^cd lotat Pi'lX prod action in PMKs, 
n^yoblaJits and ndjftnnl ci-lls. Li all Uk sc cdls, (ho increased 1»PIX 
fonnatinu was accompamicd by ii^crta^tol fitendy-stale tnKNA 
}e-ve]ii of eOpi-oporj:tliyrtnOE«.'n ofiiibsef, 'de data do not rxcludc the 
conitibution of olhcj eniyitkcs such as porphobilirTO(;cn i1can»mnse 
or fcrrochcViiase. Our tiata do> however, KUppoit tltc mipoitartcc of 
diffemntjaiJon in AlA-inducc:J PPIX fcumafion. Conik-quently 
nion; differcntfated timionrs or <:hcinotl)Cjvjpy-insciisjlivQ limwors 
with slowly cycling cells jnay be Ihc; hefrcr lar^cis of ALA- 
dcpcntlcnt ?m. 
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